Background: Despite the availability of TB infection control guidelines, and good levels of healthcare worker knowledge about infection control, often these measures are not well implemented. This study sought to determine the factors associated with healthcare workers' good TB infection control practices in primary health care facilities in the Free State Province, South Africa. Methods: A cross-sectional self-administered survey among nurses (n = 202) and facility-based community healthcare workers (n = 34) as well as facility observations were undertaken at all 41 primary health care facilities in a selected district of the Free State Province. Results: The majority of respondents were female (n = 200; 87.7 %) and the average age was 44.19 years (standard deviation ±10.82). Good levels of knowledge were recorded, with 42.8 % (n = 101) having an average score (i.e. 65-79 %) and 31.8 % (n = 75) a good score (i.e. ≥ 80 %). Most respondents (n = 189; 80.4 %) had positive attitudes towards TB infection control practices (i.e. ≥ 80 %). While good TB infection control practices were reported by 72.9 % (n = 161) of the respondents (i.e. ≥75 %), observations revealed this to not necessarily be the case. For every unit increase in attitudes, good practices increased 1.090 times (CI:1.016-1.169). Respondents with high levels of knowledge (≥80 %) were 4.029 (CI: 1.550-10.469) times more likely to have good practices when compared to respondents with poor levels of knowledge (<65 %). The study did not find TB/HIV-related training to be a predictor of good practices.
Background
Healthcare associated infections (HAIs) are responsible for a substantial burden of diseases among patients and healthcare workers, especially in resource-poor settings [1] . The World Health Organization (WHO) reports that at any given time the prevalence of HAIs in developed countries varies between 3.5 and 12 %, and in developing countries between 5.7 and 19.1 % [2] . Of particular concern in high burdened Mycobacterium tuberculosis (TB) and human immunodeficiency virus (HIV) settings, is the nosocomial spread of TB among patients and healthcare workers, as a result of poor airborne infection control procedures, and further aggravated by the HIV epidemic as well as the emergence of multi-drug (MDR) and extensively drug resistant (XDR) TB [1, [3] [4] [5] .
South Africa is classified as a high TB and HIV burdened country, with a TB incidence of 834 cases per 100 000 population [6] and an HIV prevalence among adults aged 15-49 years of 17.9 % [7] . International headlines were made in 2006, with the outbreak of XDR TB in Tugela Ferry, a rural community in South Africa. It was found that in all likelihood the transmission of the XDR TB strain occurred nosocomially [8] . The TB and HIV epidemics are intricately intertwined: approximately 61 % of TB cases are co-infected with HIV and TB mortality among HIV-positive people was estimated to be 134 per 100 000 population [6] . Immunecompromised people are more likely to develop active TB than those with normal immunity levels, i.e. 50-60 % of HIV positive people will develop active disease. The annual risk of TB in an HIV positive person is 10 % compared to a lifetime risk of 10 % in a healthy individual [9] .
The dual burden of TB and HIV also severely impacts South African healthcare workers. Occupational exposure to TB is a major health risk for healthcare workershealthcare workers are three times more likely to acquire TB than the general population [10, 11] and an estimated 81 % of TB cases among healthcare workers are attributable to exposure in healthcare settings [12] . Furthermore, the high prevalence of latent TB Infection (LTBI) among healthcare workers [13] (84 %, 69 % and 62 % using the tuberculin skin test, QuantiFERON-TB Gold-In-Tube and T-SPOT.TB, respectively), especially when compared to the general population, also points to TB being an occupationally acquired disease [14] . The HIV epidemic equally affects healthcare workers, with estimates of the HIV prevalence among healthcare workers ranging from 11.5 to 20.0 % [15] .
As TB transmission frequently occurs before an accurate diagnosis is made, it is the responsibility of healthcare workers, particularly managers, to ensure the implementation of appropriate TB infection control measures in all high risk settings so as to ensure that "health care facilities become known as places of healing and safety, not death and contagion" [16] . Good TB infection control relies on the early identification, isolation and rapid initiation of effective treatment of TB suspects combined with good organisation in facilities to avoid overcrowding and ensure appropriate patient flow [10] . More specifically, interventions promoting TB infection control practices in healthcare settings include improving: cough etiquette, respiratory hygiene and natural ventilation in waiting areas and consultation rooms; systematic and regular screening of healthcare workers for TB; and Isoniazid preventative therapy (IPT) and antiretroviral treatment (ART) for HIV positive patients and healthcare workers [1, 10] . South African National TB management guidelines [9] , specifically refer to healthcare workers' increased risk of TB and provide strategies to reduce their exposure to infection: 1) informing healthcare workers about signs and symptoms of TB and encouraging early screening and testing; 2) classifying healthcare workers with signs and symptoms of TB as "high risk TB suspects"; 3) providing voluntary HIV counselling and testing and encouraging healthcare workers to know their HIV status; 4) advocating/providing precautionary measures for HIV positive staff, such as IPT and ART; and 5) appropriate placement of HIV positive staff in low TB risk areas of the facility.
Notwithstanding the availability of guidelines on the implementation of TB infection control practices in healthcare facilities [17, 18] , research conducted in South African health facilities found that infection control is often not well implemented [19] [20] [21] [22] [23] [24] [25] [26] [27] despite healthcare workers displaying good levels of knowledge about infection control practices [19, 20, 25] . While knowledge may not always be associated with good practices, research has found that motivation and support are priorities for the implementation of interventions to increase healthcare workers' appropriate execution of TB infection control practices [20] .
Very little research currently exists that explores the factors that promote good infection control practices among healthcare workers. This gap is especially pressing at the primary health care (PHC) level, the main point of entry for state-supported TB patient care in many low-and middle-income settings such as South Africa. Healthcare workers often do not have the capacity and resources to correctly interpret, apply and manage policy directives in local contexts. Infection control is dependent on the hierarchy of measures (i.e. facility, administrative and environmental controls as well as personal protective equipment) [17] that together reduce the risk of spreading TB. Research has found that failed facility, administrative and environmental controls means that the focus is on personal protective measure (i.e. the use of N95 respirators), which shifts the burden of managing infection control onto the individual healthcare worker [24] . Accordingly, this study sought to determine the factors associated with healthcare workers' good TB infection control practices in PHC facilities.
Methods

Setting
The Free State, one of the nine provinces in South Africa, is situated in the centre of the country. With a total area of 129 825 square kilometers, the Free State is the country's third-largest province, with a population of 2 753 200 people. The selected district covers 6 284 square kilometers and is home to 747 431 inhabitants [28] . In 2012, the TB incidence in the Free State was 708.5 cases per 100 000 population, which was higher than the incidence in the country as a whole -687.3 cases per 100 100 [29] . The HIV prevalence was also higher in the Free State at 19.6 % (15-49 years old) than the national prevalence of 17.9 % [7] . Previous indications are that TB infection control is sub-optimal in some public health facilities in this region [26, 30] , underlining the need to determine what influences good infection control practices.
Design and population
A cross sectional survey as well as facility observations were undertaken at all 41 PHC facilities located in a selected district of the Free State Province, South Africa. Self-administered questionnaires were distributed to all categories of nurses and facility-based community healthcare workers (CHCWs) employed at these facilities.
Instrument development, data collection and analysis
The survey questionnaire comprising of four sectionsdemographic information and knowledge, attitudes and practices (KAP) scales related to TB prevention and infection control-was developed based on instruments used in similar studies [20, 21, 25, [31] [32] [33] [34] [35] . The knowledge scale contained 22 statements with the response categories "True", "False" or "I don't know". The scale investigated knowledge about: TB symptoms; transmission; personal protective equipment; cough etiquette; ventilation; separation of coughing patients; and TB/ HIV. The attitude scale comprised 18 statements with the response categories "Strongly agree", "Agree", "Disagree", or "Strongly disagree". Topics covered in the scale included: TB/HIV; training; fear of contagion; infection control; personal protective equipment; and occupational health. The practice scale included a series of 12 statements with the response options "Always", "Often", "Sometimes" or "Never". Practices were categorised as relating to the use of personal protective equipment, environmental control activities and administrative control activities.
The knowledge, attitudes and practices scales were formulated to include all levels of TB infection control: facility-level -on-site surveillance of TB among healthcare workers as well as IC plans; administrative controlearly recognition and management of TB; environmental control -includes adequate room ventilation; and personal protection measures -such as the use of surgical masks and N95 respirators [17] . The questionnaire was translated into the local language, SeSotho, and piloted at two facilities falling outside of the study area. Based on the findings of the pilot study, the questionnaire was revised and adapted. In addition, an observation schedule was developed to assess the actual implementation of TB infection control practices. The schedule was developed based on the WHO levels of TB infection control [17] .
Data collection took place between September and November 2015. Researchers visited all 41 facilities and explained the research study to the facility managers, available nurses and facility-based CHCWs. The researchers completed an observation checklist of TB infection control measures. Subsequently the researchers distributed consent forms and the KAP questionnaires in envelopes to all nurses and CHCWs, who were asked to complete the questionnaires in their own time. Arrangements were made for the collection of completed questionnaires on specified dates. Follow-up telephone calls were also made to remind staff that the questionnaires would be collected. Upon collection of the questionnaires, they were edited and respondents were asked to fill out any missing information. While the questionnaires were anonymous, respondents could be traced through the consent forms, which could possibly have encouraged them to report more positive attitudes and better practices than was the case.
The data was captured, cleaned and analysed in IBM SPSS Statistics 23. Data was described using frequency counts and percentages for categorical variables and means and standard deviations for continuous variables. Composite scores were calculated in order to obtain the total knowledge, attitude and practice scores on each of the scales. On the knowledge scale, those respondents scoring <65 % were classified as having a poor level of knowledge, 65-79 % was a moderate level of knowledge and ≥ 80 % was a good level of knowledge. On the attitude scale, respondents scoring 80 % and above were classified as having positive attitudes towards TB prevention and infection control. Respondents scoring ≥75 % on the practice scale were classified as having good practices. The cut-off points for good levels of TB infection control knowledge and practices were informed by a similar study undertaken among healthcare workers in Northwest Ethiopia [36] , where those answering ≥60 % of knowledge questions correctly and ≥50 % of practice questions correctly were considered to have good knowledge and practice, respectively.
The outcome variable was good TB prevention and infection control practices, and was defined as all respondents who correctly indicated that they would follow TB prevention and infection control practices ≥75 % of the time. Pearson's X 2 test was used to establish any association between independent variables and the outcome variable. Binomial logistic regression analysis was used to determine which factors were significantly associated with good TB prevention and infection control practices. Independent variables included in the model were: sex (male/female), age, attitudes towards TB, whether TB training was received (yes/no), job category (CHCW/assistant or student nurse, professional nurse), location of PHC facility (Sub-districts A, B, C) and knowledge (poor, average, good). The odds ratios (ORs) together with their corresponding 95 % confidence intervals (CIs) were estimated. The significance level considered for this study was 0.05.
Ethical considerations and authorisation
Ethical clearance was obtained for the study from the Ethics Committee of the Faculty of Health Sciences, University of the Free State (ECUFS No92/2013), and the study was authorised by the Free State Department of Health. All participants completed a consent letter prior to participating in this research.
Results
Demographic information
A total of 34 out of 69 CHCWs (49.3 %) and 202 out of 404 nurses (50 %) completed the questionnaires. The majority of respondents were female (n = 200; 87.7 %), the average age was 44.19 years (standard deviation ±10.82) and they had been working in their current position for an average of 6.44 years (standard deviation ±8.19). Of the 236 respondents, 129 were professional nurses (54.7 %), 73 assistant/student nurses (30.9 %) and 34 CHCWs (14.4 %). During the 12 months prior to the study, three-quarters of the respondents (n = 179; 75.5 %) had received training on TB and HIV-related topics, including infection control, TB/HIV integration, IPT, and intensified case finding. More specifically, 57 % (n = 130) had received training in TB infection control measures. Pearson's X 2 test was used to establish any association between the demographic variables and TB infection control practices. The only significant association was between sub-district and practices (p < 0.05) ( Table 1) .
Knowledge of TB prevention and infection control
Despite overall good scores on the knowledge scale, 42.8 % (n = 101) had an average score and 31.8 % (n = 75) had a good score, a closer examination of the individual items revealed the following problematic areas. Less than a quarter of the respondents knew the following correct answers: an HIV positive healthcare worker can still become ill with TB even if they practice infection control (n = 49; 20.8 %); TB patients with negative sputum smears are infectious (n = 53; 22.5 %); and wearing a surgical mask does not protect healthcare workers from acquiring TB (n = 58; 24.6 %). Only half of the respondents correctly knew that having a fever daily for more than a week was a symptom of TB (n = 189; 50.1 %) and that an N95 respirator required a fit check (n = 119; 50.4 %) -fit testing ensures better protection if the facial seal is correctly fitted [37] . Pearson's X 2 test revealed that there was a significant association between TB practices and levels of knowledge (p < 0.05) ( Table 2) .
Attitudes
Most respondent (n = 189; 80.4 %) had positive attitudes towards TB infection control practices. Despite these positive attitudes, the majority of respondents were afraid that they would acquire TB at work (n = 198; 84.6 %); three in ten reported that their clinic was not concerned about their health and safety (n = 73; 31.4 %) and did not provide adequate resources to prevent exposure to TB (n = 89; 38.2 %). Most respondents (n = 205; 87.2 %) had been screened for TB at work. TB screening for patients entails being asked a series of questions focusing on: cough for more than 2 weeks, weight loss, fever and night sweats. A positive response to one or more of these questions necessitates TB testing. Pearson's X 2 test revealed that there was a significant association between TB practices and attitudes (p < 0.05).
Practices
While good TB infection control practices were reported by 72.9 % (n = 161) of the respondents (see Table 3 ), observations (see Table 4 ) at the facilities revealed this to not necessarily be the case. For example, environmental infection control practices were reportedly well implemented, with 95.2 % (n = 216) of the respondents indicating that they opened windows when possible to increase natural ventilation and 91.8 % (n = 213) explained to patients why it was important to keep windows open. Observations revealed that 12 (29.3 %) facilities had open windows in all consulting rooms and Poor practices were reported by the respondents when it came to using personal protective equipment: only 52.2 % (n = 106) always wore a N95 respirator when collecting sputum from a patient presumed to have TB and 15.4 % never used a N95 respirator in the TB consultation room. Observations at the facilities found supporting evidence for poor personal protective practices, with only five (12.2 %) facilities having TB nurses wearing N95 respirators, despite N95 respirators being available at 32 facilities (78.0 %).
Self-reported administrative controls that were poorly implemented included not separating (presumptive) TB patients (n = 100; 46.9 %) from non-coughing patients. This was supported by the observation that only 11 facilities (26.8 %) had separate waiting areas for (presumptive) TB patients. Furthermore, while approximately one-third of the respondents (n = 71; 32.9 %) did not always give coughing patients tissues or surgical masks to cover their cough, the reality was that patients at only two clinics were observed to be wearing such masks. In addition, only 7 (17.1 %) clinics had tissues available for coughing patients and only three (7.3 %) had face masks.
Predictors of good practice
A binomial logistic regression was performed to ascertain the effects of age, TB infection control knowledge Open windows can help prevent the spread of TB (True) and attitudes, TB/HIV training, job category and PHC facility location on good TB infection control practices. Linearity of the continuous variables with respect to the logit of the dependent variable was assessed via the BoxTidwell procedure. Based on this assessment, all continuous independent variables were found to be linearly related to the logit of the dependent variable. There were six outliers, but no high leverage or influential values.
Since the unusual points were not due to data entry errors, it was decided to keep them in the analysis. The logistic regression model was statistically significant, χ2 (9) = 29.821, p < 0.001. The model explained 19.7 % (Nagelkerke R2) of the variance in the tendency to have good TB infection control practices and correctly classified 74.9 % of cases. Sensitivity was 92.5 % and specificity was 29.8 %, the positive predictive value was 77.1 % and the negative predictive value was 39.3 %. Attitudes and high levels of knowledge were statistically significantly associated with good TB practices after controlling for all other variables in the model. For every unit increase in attitudes, good practices increased 1.090 times (CI:1.016-1.169). Respondents with high levels of knowledge (≥80 %) were 4.029 (CI: 1.550-10.469) times more likely to have good practices when compared to respondents with poor levels of knowledge (<65 %). Although only borderline significant (p = 0.05), respondents working in facilities in Sub-district B were 3.024 times more likely to have good TB infection control practices than respondents working in Sub-district A (Table 5) .
Discussion
The increasing evidence of healthcare facility acquired TB in both patients and healthcare workers in South Africa, has led to a greater interest in TB infection control [1, 3, 5, 21, 38] . International and national policies [10, 11] recommend several simple and effective infection control measures aimed at reducing the nosocomial spread of TB in healthcare settings, particularly in resource poor settings. However, as in most endemic Separate waiting area for (presumptive) TB patients 11 (26.8) settings, healthcare workers in South Africa fail to implement appropriate infection control measures to protect both themselves and their patients from TB infection [19] [20] [21] [22] [23] [24] [25] [26] [27] 30] . Our study aligns with these findings, and identified that almost three in ten healthcare workers failed to implement good TB infection control practices in their facilities. As this is based on selfreported compliance, the real situation may be even worse in the facilities. Respondents tend to present themselves in a favourable light (i.e. social desirability bias) [39] , and we attempted to counter this by undertaking a number of observations at the facilities, which indeed did reveal poorer practices. Poor practices relating to administrative TB infection controls were recorded. In particular, and as established in similar research undertaken in South African health facilities [19, 21, 23, 27, 33] , we found that approximately half of the respondents always isolated patients with presumptive TB or moved these patients to a separate waiting area. Furthermore, only a quarter of the facilities had separate waiting areas for TB patients. In spite of these poor practices, the majority of respondents knew that separating coughing and non-coughing patients in the facility would help to prevent the spread of TB. A further concern was the inadequate provision of tissues and masks to coughing patients [23, 27] , which was supported by observations at the facilities -only two facilities had patients wearing masks on the days of the fieldwork visits. This was the case, despite the majority of respondents reporting that coughing patients should be given masks or tissues to cover their cough. This lack of attention to the implementation of administrative control measures is a serious concern given that these are the first line of defence in healthcare facilities [17] to prevent patient and healthcare worker exposure to TB. Furthermore, these measures are simple and not costly to implement.
Environmental infection control practices were reportedly better implemented than administrative measures and the use of personal protective equipment. The majority of respondents indicated that they opened windows when possible to increase natural ventilation and explained to patients why it was important to keep windows open. However, in practice, and in line with previous research [22, 23, 27, 33, 40] , observations at the facilities revealed that only two in ten had all windows open in consultation rooms and waiting areas on the day of fieldwork visits. This was despite the fact that the research was undertaken in the spring, and an even worse picture could present in the winter.
While personal protective measures (i.e. the use of respiratory protection) are the last step in the hierarchy of infection control [17] , N95 respirators can filter out TB bacilli and are recommended for use in TB control [41] . Despite these recommendations, poor knowledge and practices were reported when it came to the use of personal protective equipment. This was also found to be the case in other TB infection control studies conducted in South Africa [19, 21, 23, 27, 40, 42] . Moreover, on the days of the fieldwork visits, TB nurses at only five of facilities were wearing N95 respirators. Overall, respondents had fairly good levels of knowledge about TB infection control, with the majority scoring above 65 % on the scale (c.f. [19, 36, 43] ). The main areas of concern related to the infectiousness of patients, use of personal protective equipment, and co-infection with HIV. Attitudes towards infection control were also overwhelmingly positive. In this regard, it was not surprising to find that attitudes and good levels of infection control knowledge were statistically significant predictors of good practices. While other research has also identified knowledge to be a predictor of good practices [36] , this was not entirely the case in an Ethiopian study, where TB-related training, and not knowledge, was found to be a predictor of good practices. However, they did find positive correlations between knowledge and practice [43] . To the contrary, our study did not find TB/HIV-related training to be a predictor of good practices. This is supported by Temesgen and Demissie [36] who also found that training on TB infection control did not have an influence on practice. This raises questions regarding the type and quality of training that was provided as it has implications for strategies to improve TB infection control practices. It is possible that the training was too theoretical rather than skills-based. It is important to not only train but also support/mentor healthcare workers on skills to strengthen the implementation of TB infection control strategies [36, 43] .
A limitation of the study is the low response rate. The overall response rate of 50 % is low -despite numerous follow up visits to the facilities -but not much different from a similar study [27] . It is well established that healthcare worker participation in selfadministered surveys is generally low [27, 44] . Possible explanations for the low response rate include overworked facility staff, large patient numbers and a lack of incentives to complete the questionnaire. Further limitations of the study include self-reports of good practices, although countered to a degree by observations at the facilities, as well as the research taking place in spring, which could also have impacted on practices such as open windows. More robust claims can be facilitated with a longitudinal design, which could also add to the further exploration of causal mechanisms tied to good infection control practices. For example, this study did not investigate the role of patients in ensuring TB infection control in healthcare facilities. Previous research has found that knowledge and acceptability of patient related infection control measures is key to patient adherence not only in healthcare facilities but also in household settings and the community [45] .
Conclusion
Previous research on TB infection control in South Africa mainly focused on hospital settings. The current study addresses this gap by describing practices in PHC facilities (the main entry point for TB patient-care) and exploring factors that promote good infection control practices among healthcare workers. Furthermore, multiple methods were used (self-administered questionnaires and structured observations) to counter the problem of social desirability bias associated with self-reports so as to obtain a more accurate picture of the state of implementation of TB infection control in PHC facilities.
In conclusion, positive attitudes and good levels of knowledge regarding TB infection control were the main factors associated with good infection control practices. Although many respondents reported good infection control practices -which was somewhat countered by the observations -there are areas that require attention, particularly those related to administrative controls and the use of personal protective equipment. Improving infection control practices relies on modifying healthcare worker behaviour. The application of sophisticated behavioural science methods to TB infection control research could lead to better implementation of practices [46] . Conventional training does not appear to improve TB infection control practices, new strategies are required to improve TB infection control in PHC facilities. 
